In patients with relapsed ALL, minimal residual disease (MRD) identified prior to allogeneic hematopoietic cell transplantation (HCT) is a strong predictor of relapse. We report our experience using a combination of reduced-dosing clofarabine, CY and etoposide as a 'bridge' to HCT in eight patients with high risk or relapsed ALL and pre-HCT MRD. All patients had detectable MRD (40.01%, flow cytometry) at the start of therapy with all eight achieving MRD reduction following one cycle. The regimen was well tolerated with seven grade 3/4 toxicities occurring among four of the eight patients. Five patients (62.5%) are alive, one died from relapse (12.5%) and two from transplant-related mortality (25%). The combination of reduced-dose clofarabine, CY and etoposide as bridging therapy appears to be well tolerated in patients with relapsed ALL and is effective in reducing pre-HCT MRD.
INTRODUCTION
Improvements in the treatment of children with ALL have resulted in 5-year OS approaching 90%. 1 However, those with relapsed disease continue to respond poorly to traditional salvage approaches, with survival rates hovering around 35-40%. 2 Although allogeneic hematopoietic cell transplantation (HCT) in children with relapsed ALL has the ability to overcome resistant disease and cure some patients, relapse remains a significant barrier to success. Recent studies show that identifying minimal residual disease (MRD) prior to HCT is the strongest predictor of treatment failure. [3] [4] [5] [6] [7] [8] Whether eliminating MRD prior to HCT will influence post-HCT outcomes, particularly with regard to reducing relapse, has not yet been established. However, this approach is not without risks, as additional chemotherapy in patients who have already achieved remission could lead to toxic complications that may preclude proceeding to HCT or increase peri-transplant toxicity. Also, in prolonging the time to HCT for further chemotherapy, patients may lose their state of remission and increase their disease burden, rather than decrease it. Despite these uncertainties, there is a strong sense among the pediatric oncology and transplant communities that attempts to eliminate MRD prior to HCT are warranted. 9 Clofarabine, a novel purine nucleoside analog granted accelerated FDA approval in 2004 for pediatric relapsed/refractory ALL, has reported promising results as a single agent or part of a multidrug regimen with cyclophosphamide (CY) and etoposide. [10] [11] [12] Although clofarabine combinations have shown encouraging rates of CR in heavily pre-treated relapsed/refractory patients, 11, 12 significant toxicities exist that appear to be dose dependent. 13 In an attempt to reduce and/or eliminate pre-HCT MRD without inducing significant toxicities, we treated eight consecutive patients with reduced dosing of clofarabine, CY and etoposide. The goal of this therapy was to 'bridge' patients to HCT. This case series describes the impact of this bridging therapy approach on toxicity, clearance of MRD and transplantation outcomes in children with relapsed ALL and pre-HCT MRD.
MATERIALS AND METHODS
This bridging regimen was selected specifically for patients with relapsed or very high-risk ALL who had received a median of 3 (range, 2-3) blocks of prior re-induction/consolidation therapy and were proceeding to HCT in morphologic remission but with persistent disease identified by multiparameter flow cytometry (40.01% leukemia). This report of a case series as determined by the participating institution's review boards did not meet the regulatory definition of research and institution's review board's review as it is a discussion of a course of therapy for a small group of patients with all data de-identified and therefore the patient's permission to use the data was not required. The goal of the therapy was to safely reduce or eliminate MRD in patients without causing significant toxicity and with all patients proceeding to HCT following this course of therapy. Eight patients meeting the above characteristics were treated at our institutions between 2011 and 2013 ( Table 1 ). The median age was 12.5 years (range, 23 months to 20 years). Three patients were evaluated for HCT in CR1 for persistent MRD (Patients 2, 3, 6), three patients had early BM relapses and were in CR2 at the time of HCT with persistent MRD (Patients 1, 4, 5), one patient had a late marrow relapse and in CR2 at the time of HCT with persistent MRD (Patient 8) and the remaining patient (Patient 7) had Ph chromosome positive ALL (CR2) with persistent MRD after failing a prior HCT in CR1.
The bridging regimen was developed to reduce the overall toxicity that had been previously reported using clofarabine at 40 mg/m 2 and CY at 440 mg/m 2 11 through a dose reduction of both of these agents to 30 and 300 mg/m 2 , respectively and yet retain the efficacy of this three-drug regimen. While there were mild variations in the bridging therapy dosing based on treating physician discretion, all patients received the three- 
RESULTS
This bridging regimen was well tolerated overall with 8/8 patients able to proceed to HCT within a median of 53 days (range, 41-201) from completing the five-day cycle. All patients had evidence of MRD (40.01%, flow cytometry) prior to bridging treatment. Six (75%) patients became MRD-negative (o0.01% leukemia) after a single course of treatment with the remaining two patients achieving significant reduction of their MRD (0.28%-0.02% and 0.14%-0.07%, respectively). There were seven grade 3/4 toxicities occurring among four patients: one grade 4 (mandibular osteomyelitis) and six grade 3 toxicities (sinusitis, rash, fever/ neutropenia, achilles tenosynovitis, zoster and transient renal insufficiency). Importantly, none of the toxicities precluded patients from ultimately proceeding to HCT, however the patient who developed zoster (Patient #8) was delayed due to this infection after achieving MRD negativity with the bridging treatment and received oral chemotherapy (6-mercaptopurine and MTX) while awaiting recovery of the zoster. The median time to neutrophil recovery (ANC 4500/mL) for the eight patients was 23.5 days (range, 16-37) from the start of the clofarabine-based regimen and a median of 33 days (range, 17-45) to achieve an ANC 41000/mL.
At the time of this report, four patients (50%) are alive without disease with a median of 217 days from HCT (range, 84 to 360), two patients died without disease (day 37 and 140), one patient died of disease (day 94) and one patient relapsed (day 106) but remains alive. EFS at 1 year for the eight patients was 44% (95% CI 6-81) (Figure 1 ) with a median EFS time of 140 days post HCT.
There have been two cases of relapse in this cohort of patients. One occurred in a Ph chromosome positive patient (Patient 7) who received the bridging therapy, but remained with persistent MRD prior to HCT, which incidentally was a reduced intensity conditioning regimen and the patient's second HCT. The second relapse occurred in a patient with MLL gene rearrangement (Patient 4) who achieved MRD negativity post bridging therapy but subsequently relapsed 106 days post HCT. This patient then received another course of the clofarabine-based bridging regimen resulting in elimination of his disease becoming MRDnegative (4%-o0.01% by flow cytometry) and proceeded to chimeric Ag receptor T-cell therapy.
DISCUSSION
Outcomes for patients with relapsed ALL continue to be poor, particularly for patients who have MRD prior to allogeneic-HCT. [3] [4] [5] [6] [7] [8] Although consolidative therapy with HCT can cure some patients with persistent MRD, 7, 14, 15 most studies suggest that the majority of these patients will relapse post HCT. 3, [6] [7] [8] The idea that leukemia-free survival would be improved if pre-transplant MRD can be eliminated has scientific rationale, but the theory has not been formally tested. Whether pre-HCT MRD represents a patient who is inadequately treated, or one who has underlying high-risk biology that is predetermined to fail HCT, is currently unknown. In this case series, we demonstrate that lower doses of clofarabine, CY and etoposide can reduce pre-HCT MRD (eliminating MRD in 75% of patients), maintaining a limited toxicity profile, and successfully bridge patients to allogeneic-HCT. Alternative approaches to bridging therapies may include immunotoxins (for example, moxetumomab pasudotox targeting CD22) or bispecific T-cell engagers (for example, blinatumomab targeting Figure 1 . The probability of EFS at 1 year was 44% (95% CI 6-81).
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